Background: Being common, mild anemia is sometimes considered a mere consequence of aging; however, aging alone is unlikely to lead to anemia. Therefore, this study aimed to investigate the association between mild anemia and total mortality and cause-specific mortality in apparently healthy elderly subjects. Methods: A retrospective cohort study was conducted on 10,114 apparently healthy elderly individuals who underwent cancer screening and routine medical check-ups at one Health Promotion Center between May 1995 and December 2007. We defined mild anemia as a hemoglobin concentration between 10.0 g/dL and 11.9 g/dL in women and between 10.0 g/dL and 12.9 g/dL in men. We assessed the relationship between the overall, cardiovascular (CV), and cancer mortality and mild anemia using Cox proportional hazard models. Results: Mild anemia was present in 143 men (3.1%) and 246 women (6.1%). During an average follow-up of 7.6 years, 495 deaths occurred, including 121 CV and 225 cancer deaths. After adjustments, mild anemia was associated with a 128% increase in the risk of all-cause mortality (hazard ratio [HR], 2.28; 95% confidence interval [CI], 1.54-3.37) in men and cancer-related mortality (HR, 2.25; 95% CI, 1.22-4.13), particularly lung cancer (HR, 2.70; 95% CI, 1.03-7.08) in men, but not in women. In the subgroup analyses based on smoking status, obesity, and age, the associations were more prominent in never or former smoker groups and the older group. Conclusion: The present study shows that overall and cancer-related mortality was associated with mild anemia in elderly men. Future prospective studies are needed to consolidate our findings.
INTRODUCTION

METHODS
Study Population
A total of 10,114 Korean adults aged ≥60 years completed medical check-ups and cancer screenings at the Health Promotion Center at Seoul National University Hospital between May 1995 and December 2007. Among them, 823 without complete information on smoking and 242 without information on diabetes or hypertension were excluded. After further sequential exclusion of 20 subjects with severe renal dysfunction (glomerular filtration rate [GFR] <30 mL/min), 9) 109 with a significantly elevated inflammatory marker (C-reactive protein
[CRP] of ≥2 mg/dL), and 44 with Hgb of <10 g/dL, 8,876 subjects were finally included. Further, 102 subjects diagnosed with cancer before medical check-ups were excluded, as were four subjects with known coronary artery disease (CAD) and 67 subjects who died during the first 2 years of follow-up to exclude patients with serious comorbidities. Finally, 8,703 subjects were included in our analysis. Adults with anemia related to chronic diseases were excluded, and the study population was defined as apparently healthy elderly individuals with the purpose of cancer screening and health check-up. Our protocol was approved by the Institution Review Board at the Seoul National University Hospital (IRB approval no., 1205-047-409). All the data acquired for the study were coded and filed separately in order to protect the subjects' personal information. These files were only available for the authors, and written informed consent was obtained prior to participation in the study.
Baseline Measurements
Demographic information, past medical history, and social history were collected through a structured self-reported questionnaire, supervised by a trained nurse. Examinations and blood samplings were performed after an overnight fast. Systolic and diastolic blood pressures were measured in sitting position after a controlled 20-minute rest. Body mass index (BMI) was calculated as weight (kg)/height (m) 2 .
Hgb level and mean corpuscular volume (MCV) as well as serum total cholesterol, creatinine, and plasma glucose levels were measured using an automated analysis system (Toshiba, Tokyo, Japan; 2000, 2002, 2006) . We defined mild anemia as Hgb between 10.0 g/dL and 11.9 g/dL in women and between 10.0 g/dL and 12.9 g/dL in men. 3) In addition, we defined microcytosis and macrocytosis as MCV of <83 fL and MCV >100 fL, respectively, according to the central laboratory's reference limits. We estimated the GFR (eGFR) using the simplified Modification of Diet in Renal Disease formula. 9) The neutrophil/lymphocyte ratio (NLR) was calculated by dividing the circulating neutrophil count by the lymphocyte count, and the platelet lymphocyte ratio (PLR) was calculated by dividing the platelet count by the lymphocyte count. The prognostic nutritional index (PNI) was calculated using the albumin level and total lymphocyte count.
10)
Outcomes
We merged the baseline data with the mortality data from the national death certificate files since December 31, 2008. Follow-up for death was completed in more than 98% of the cases, 11) and the follow-up duration for each person was calculated as the difference between the baseline examination date and the censored mortality date for the de- I10-I15, I20, I21, I25, I44-I51, and I60-I74), and cancer mortality (ICD-10, codes C00-C97).
12)
Statistical Analysis
Data were presented as means with standard deviations or numbers with percentages using the Student t-test or the chi-square test. The
Kaplan-Meier (KM) survival curves were obtained for mildly anemic and non-anemic populations, and the differences in survival between the groups were assessed using the log-rank test.
We then conducted the Cox proportional hazard regression models .1%) were mildly anemic than men (n=143, 3.1%).
The mean age of men and women at baseline examinations were 64.2 years and 63.8 years, respectively, and those with mild anemia were more likely to be older for both genders. The mildly anemic group had significantly higher CRP levels and lower BMIs compared with the non-anemic group. NLR, PLR, and PNI were significantly associated with mild anemia, especially in men.
No significant differences in the smoking status were observed between the mild anemia and non-anemia groups, but the former group showed higher prevalence of microcytosis, macrocytosis, and chronic kidney disease (GFR of <60 mL/min). 9) As shown in the KM curve of unadjusted survival, those with normal Hgb levels at baseline examination had better overall survival during the 13 years of follow-up than those with initial mild anemia. The relationship between mild anemia and overall survival was more pronounced in men than in women (P-values of log-rank test were <0.001
in men and 0.03 in women; P-value for interaction was <0.001) ( Figure   1 ).
After adjusting for potential confounders as shown in Table 1 2.67 in current smokers; P-value for interaction <0.001). In the stratified analysis according to the obesity status, total mortality was posi- Adjusted for age, BMI, smoking, hypertension medication, diabetes history, income, regular exercise (>30 min at least 3 times a weeks), fasting glucose, total cholesterol, Modification of Diet in Renal Disease-glomerular filtration rate, and C-reactive protein.
HR, hazard ratio; CI, confidence interval; ID, incidence density (per 100,000 person-years); BMI, body mass index. *P-value for interaction <0.05.
15)
Third, the association between anemia and cancer-related deaths is consistent with previous investigations showing a relationship between mild anemia with cancer and all-cause mortality in both healthy subjects and cancer patients. 3, 8, 16) Anemia may be one of the most common signs secondary to not only tumor based on mechanisms, such as blood loss and bone marrow invasion by malignant cells, but also cancer treatments. A previous study reported that the Hgb level is a strong independent prognostic factor to control cancer using radiation therapy, 17) and a predictor of local recurrence in patients with breast cancer. 18) Recently, anemia, mostly mild, was reported to be a survival predictor for gastrointestinal tract, prostate, and genitourinary tract cancers in community-dwelling men aged >40
years, but not women from Australia. 8) In our study, in line with previous results, mild anemia was significantly associated with cancer-related mortality in apparently cancer-free men aged ≥60 years, particularly lung cancer. Recently, we reported that nutritional insufficiency, potentially related to mild anemia in elderly people and mediated by chronic inflammation, is a predictor of cancer survival, especially lung cancer. 19) This finding is consistent with those in other studies. 20) In this study, total cholesterol, albumin level, and the proportion of better PNI were also significantly lower both in men and women with mild anemia than their counterparts. Moreover, inflammatory markers,
represented by highs-sensitivity-CRP, NLR, and PLR, were higher especially in men with mild anemia. Nutritional imbalance and chronic inflammation may be the possible explanation for the association between mild anemia and cancer mortality in Korean men. However, this finding is subject to further investigation as there were relatively few site-specific cancer deaths in this study.
Finally, a national cancer screening program has been established in Korea starting at age 40 years for cervical, colorectal, stomach, and breast cancers for all women, and additional liver cancer screening for high-risk groups including hepatitis B or C carriers as previously described in detail. 21) Therefore, the relationship between mild anemia and mortality from lung cancer, which has no proven screening program and is relatively common in men, appeared prominent in this study.
We further performed a subgroup analysis to investigate the effects of the major risk factors for cancer (smoking, obesity, and age) on the risk of total deaths in men. According to the subgroup analyses, mild anemia was associated with total mortality in never or former smokers, but not in current smokers. Mild anemia can be categorized into two subgroups: true anemia group and laboratory error group. However, the subgroup stratified analysis according to MCV status was limited due to the small number of individuals in the mild anemic groups.
Additionally, in the subgroup analysis according to age, significant associations were observed in the older group only. Although the associations were significant regardless of obesity, the HRs seemed to be higher in the overweight or obese group than in the lean group.
Perhaps, various factors were involved in these outcomes. First, carbon monoxide (CO) in cigarette smoke binds more avidly to Hgb than oxygen (carboxyhemoglobin [HbCO] ), this induce a hypoxic state and decrease the amount of oxygen available in the myocardium. 22) Moreover, elevated HbCO level stimulates the body to produce more red blood cells, which elevate the Hgb levels. Therefore, they may be objectively measured as smokers without anemia even though severely hypoxic. These individuals would still be vulnerable to hypoxia-related diseases such as CVD, with patients congestive heart disease suffering particularly from serious outcomes. 23) In short, even smokers with normal Hgb levels can be more vulnerable to hypoxia-related mortality. In addition, this might lead to the cancellation of any significant difference in the total mortality between smokers without and with anemia.
Next, obesity is known to be associated with several physiologic conditions, including obstructive sleep apnea, respiratory muscle impairment, and depressed central ventilator drive, 24) which can lead to hypoxic conditions. In addition, frailty in the obese group exhibited a significantly higher risk of death than in their normal-weight counterparts in Korean elderly people. 25) In the subgroup analysis according to age, frailty can be considered as an important cause of these results. Frailty increases with age, although old age itself does not induce frailty. These elderly people are vulnerable to stressors, such as trauma and acute illness, which can contribute to the increased risk for disability and death. 26) Frailty, complicated by mild anemia and malnourishment, may lead to serious health outcomes in this population. Moreover, systemic inflammation due to undernutrition might be correlated with an increase in resting energy expenditure, loss of lean body mass, and decreased performance and survival with aging. 27) Our study has several strengths, including a large, generally healthy elderly population with long-term follow-up. In addition, because we excluded individuals who died during the first 2 years of follow-up, our study population consisted of more healthy individuals. Another strength of our study is that the data were from the national registry on mortality with reliable causes of death and no loss to follow-up.
The limitations of this study should also be discussed. First, this study was not designed to establish causality. Second, the study population was restricted to individuals who had routine medical checkups, possibly making our subjects less representative of the general elderly population in Korea. Third, the national cancer screening program in Korea might attenuate the relationship between mild anemia and common cancer deaths including in the stomach, liver, and breast in Korea.
In conclusion, our study showed that all-cause and cancer-related mortalities were higher in mildly anemic elderly men. Physicians should consider finding the cause of anemia including common cancer screening, even in their apparently healthy, cancer-free elderly male patients and consider appropriate treatment. Further research is needed to elucidate the mechanism of the associations between mild anemia and mortality, as well as to confirm that treating the anemia reduces mortality.
